A new class of micro-organisms, the Krassilnikoviae, found in the Black Sea, the Pacific and the Arctic Oceans, is described. These organisms developed on slides immersed in the waters ; they have not been cultivated in the laboratory. They consist of non-branching, non-septate filaments with a head a t one end consisting of a cluster of round bodies. The filaments often become interlaced and form strings which can just be seen by the naked eye. They may or may not be contained in a sheath.
SUMMARY: A new class of micro-organisms, the Krassilnikoviae, found in the Black Sea, the Pacific and the Arctic Oceans, is described. These organisms developed on slides immersed in the waters ; they have not been cultivated in the laboratory. They consist of non-branching, non-septate filaments with a head a t one end consisting of a cluster of round bodies. The filaments often become interlaced and form strings which can just be seen by the naked eye. They may or may not be contained in a sheath.
During an expedition to the Pacific Ocean on the S.S. Vitijux a number of slides were immersed for 8-25 hr. at various depths from 50 to 1000 m. near the Kurile Islands. Upon removal a peculiar filamentous micro-organism with heads composed of a cluster of rounded bodies was found on the surface of these slides. Subsequent deep-water investigations in the Black Sea, the Pacific Ocean and the Arctic Ocean (near the North Pole) showed that this form of micro-organism was widely spread. They developed on the slides immersed in the oxygen zone and at maximum depths in the Black Sea, where the hydrogen sulphide concentration was very high. These organisms could not be cultivated from many hundreds of water samples taken a t the same stations and the same horizons where they had been found on slides, and only in single cases could they be found on membrane filters through which 15-50ml. of the same water had been passed. In sea water therefore these micro-organisms, as a rule, do not occur in a free-floating state, but only develop their characteristic forms when attached to objects suspended in the water.
METHODS
Glass slides, cleaned with ethanol or chromic-sulphuric acid mixture, washed with distilled water, dried and flamed, were inserted at one end into slits in large rubber bungs 5-6 cm. diameter. The bungs were then fixed to a cable and immersed at various horizons for periods ranging from a few hours to several days. The slides were then removed, dried, fixed by heating or in absolute ethanol, and stained with 1 yo (wlv) erythrosine in 5 yo (w/v) phenol aqueous solution, or with 5 yo (wlv) erythrosine in 3 yo (wlv) phenol aqueous solution. The morphological examination of the organisms was carried out a t a magnification of x 1350. Counts of the entire slide, except the portion in contact with the bung, were also made a t a magnification of x 300, a filament with a cluster head being taken as a single organism. In large and dense accumulations only separate filaments with heads were counted. Forms with a large well-formed sheath were counted separately from organisms with thin poorly staining filaments. The total number of the slides studied was over 200.
Attempts were made to grow these organisms from water samples as follows: glass slides (35 mm. x 8 mm. and 75 mm. x 12 mm.), cleaned as above, were placed in 25 and 250 ml. glass-stoppered flasks. After autoclaving, the flasks were completely filled with water from the bathometers immediately these had been removed from different depths in the Pacific Ocean or the Central Polar basin. The flasks filled with water, with the slides immersed inside, were stored a t 0-2" or a t room temperature for 2, 4 and 6 months, 18 and 3Q years. The slides were then removed, fixed, stained with erythrosine, and examined. Altogether 142 such slides were examined.
RESULTS

The morphology of filamentous-cluster organisms
Up to the present all attempts to cultivate these organisms in the ordinary nutrient media of complex, organic or mineral composition have failed. Their morphology therefore had to be studied directly on fixed and stained slides, and by the phase-contrast and anoptral microscopes. More than 200,000 individuals (filaments with heads) from the Black Sea, the Pacific Ocean and the North Pole region have been examined. Structurally these micro-organisms are non-branching, non-septate homogeneous filaments with a head a t one end, consisting of a bunch-shaped aggregate or cluster of rounded bodies which strongly refract light.
Filaments. Filaments with cluster heads were observed either singly or more often as large aggregates (Pl. 2, fig. 1 ). These aggregates were distributed either close to the edges or spread across the slide in thin bands forming a coating resembling frosting, visible to the naked eye. In many cases the aggregates were uniform in make-up, consisting of filaments of the same size and form with similar round bodies, but groups of mixed large and small forms also occurred. The filaments in aggregates sometimes become interlaced or even formed 'plaits' (Pl. 1, fig. d ; P1.2, fig. 2 ). In afew cases the adhesion of several filaments was observed, but in no case was genuine branching seen.
Accumulations of filaments with cluster heads were found around knobbly strings up to € 3 ,~ thick (Pl. 2, fig. 3 ). On such astringseveral thousand filaments with heads were sometimes found, attached by their free ends. Separate filaments were often seen lying alongside,
The filaments carrying heads were either very thin (0.4-0.5,~) and stained poorly with erythrosine (Pl. 1, figs. c, d, e, m ; P1.3, figs. 10,14) or they were thick (1.2-2-5p), distinctly contoured, homogeneous, and stained well with erythrosine. Presumably the thick filaments consisted of thin filaments enclosed in a sheath of organic composition. This supposition is based on the fact that very often the thin and paler-staining filaments emerged from a thick one, as if from a sheath. The protruding thin thread sometimes reached a considerable length (Pl. 1, figs. k, n, 0, w, y, x ; PI. 2, fig. 5 fig. 4 ). The free end was sometimes split in two (Pl. 1, The thick and the thin filaments usually had one thickness throughout their entire length, but sometimes the sheath gradually thickened in the head direction (PI. 1, figs. g, k, 0, w ; PI. 2, fig. 5 fig. 22 , represent forms whose sheaths were fairly thin (0.6-0*7,u).
Filaments were sometimes many microns in length, in some cases they reached tenths of a millimetre, but no correlation was observed between length and thickness. They were often twisted into spirals or rings (Pl. 1, figs. q, s, u ; PI. 2, fig. 6 ; P1. 3, fig. 8 ; P1. 4, fig. 18 ).
Cluster heads. The cluster head consisted of a great number (up to several score) of rounded or oval-shaped bodies, the size varying in different organisms from 0.5 to 2 . 0 ,~. Their shape was not quite regular, and in some cases a sort of dent was seen on their surfaces. There were no major variations in the dimensions of these bodies, but two types were observed in one bunch. The first included large (1-5-2.0,~) bodies of somewhat oval form, staining brightly with erythrosine; the second, smaller ones (O.S-l-Op), stained poorly and were of greenish tint and distinctly contoured. In a photograph the latter look like rings or flat plates with a dent in the middle (Pl. 2, fig. 5 ; P1. 3, fig. 7 ). In some cases the capsules of the bodies were rather dense so that under the microscope they gave the appearance of being hollow. This was still more evident with special staining methods.
The bodies were arranged in the heads in different ways. In some cases they were very dense and the head appeared spherical (Pl. 1, figs. g, p , w ; P1. 2, fig. 6 fig. 19 ). Such net structures were sometimes free without any connexion with filament (Pl, 3, fig. 9 ). These structures may represent slime, in which the main mass of bodies lay. Thin threads, sometimes branched, at the extremes of which rounded bodies were arranged (Pl. 1, figs. I?, r ; P1. 4, fig. 21) were not infrequently seen, extending from the head-end of the main filament. All the heads appeared to be composed according to a common plan, the round bodies on the periphery of a central part filled with thin filaments or strings which formed a sort of net. The adhesion of the bodies was not strong, and they were sometimes seen outside the heads on an ordinary branch (PI. 1, fig. a ) or separately scattered singly upon the slide. From some of them thin filaments extended, usually longer than the head strings (PI. 1, fig. b ).
figs. g, h, 9).
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Two development cycles for these organisms may be suggested from the patterns seen on the slides. (1) A round body, coming into contact with a solid substrate, produces a thread which attaches the body to the substrate. Propagation is by division or by gemmation until the bodies form the characteristic cluster head on a stem. (2) The round bodies, after separating from the head, on maturation grow into thin gradually elongating threads. Then bulges appear a t one end from which reproductive bodies (conidia) fragment, the latter maintaining for some time their ties with the filament branches. In this case the head represents a sort of fruit-body consisting of conidia.
Sheaths. The role of the sheath is still obscure. There was a pronounced divergence between the filaments and the sheaths in their capacity to stain with erythrosine; the filaments stained badly and the sheaths very well. The sheaths and the round bodies of the head also differed when stained by Gram's method, by fuchsin, or by Scheffer's method. Sheaths and round bodies stained Gram-positive, but only the outer layers of the round bodies stained; the unstained central part gave the hollow appearance mentioned previously. Stained with hot fuchsin (the usual spore stain), the filaments stained badly whereas the round bodies stained well.
The Scheffer stain, which stains bacteria yellowish red with safranine and spores dark-green with malachite green, stained the filament yellowish red, though less brightly than with bacteria, and the round bodies were dark green.
It should be noted for comparison that Actinomyces spores are not stained with malachite green.
Formation and development
The rate of formation of the filamentous-cluster organisms was surprisingly high. Filaments with heads were found in great numbers on the slides after 8 hr. immersion at various depths in the Pacific Ocean, and a considerable number of these organisms were observed on slides exposed only for 6 hr. at various depths in the Central Polar Basin during the investigations conducted on the drifting Station 'Severnji Polus-4'. The absence of these organisms from the membrane filters through which water samples taken from the same horizons had been passed, showed that the organisms developed on the slides, and did not attach themselves from the water as ready-formed filaments with heads. Ultrafiltration of water samples produced the so-called 'cocci with thickened membrane' (Kriss & Rukina, 1952~) ) as well as conventional bacterial cells.
A comparison showed that round bodies from the heads were similar to the said cocci in their form and size, but that the latter possessed a thickened membrane which the former usually lacked. However, among the scattered heads, round bodies with a more compact membrane did occur. There was evidence that the thickness of the membrane increased as the round bodies matured.
It is interesting to note that the development of filaments with heads did not occur on any of the slides immersed in experimental flasks filled with water obtained from any depth in the Pacific and Arctic Oceans.
Distribution
The experiments with submerged slides were carried out in the Black Sea in 1954, in the Caspian Sea in 1952, in the Pacific Ocean in 1951 and 1953 and in the Central part of the Arctic basin in 1954, 1955 and 1956. The slides were suspended at standard horizons from the surface to the bottom layers. In Table 1 are summarized the data on the quantitative studies of these microorganisms at the depths investigated. The table shows that in the Black Sea the habitat was not confined to the oxygen zone. The organisms developed on slides immersed in the depths of the hydrogen sulphide zone, and large numbers were found a t 500,750,1000,1250 and 2000 m. The greatest number was found in the 25-150 m. layer, while the 10 m. horizon yielded only two thin filaments with heads. All the deeper levels produced organisms with sheaths.
In the Pacific Ocean the slides were put down at five stations near the north-east coast of Asia. Except for one surface and two deep slides the rest were coated with organisms, the numbers running into the thousands, varying with stations and horizon to a depth of 5500 m. (Table 1) .
One difference between the Black Sea and the Pacific Ocean was that organisms without sheaths were found at all depths in the latter, not infrequently their number being considerably larger than that of sheath formers. The Pacific Ocean forms also had a greater morphological diversity.
In the region of the North Pole (Severnji Polus-3) these organisms were only found at certain horizons and not everywhere in such quantities as in the Pacific Ocean. The higher content in the upper (200 m.) and lower (1000 m.)
boundaries of the Atlantic current is not accidental, as other microbial forms occur in these horizons in greater numbers than in the higher or lower levels (Kriss, 1955) . It is noteworthy that the slide put down to 3300 m.
counted over 16000 organisms, all with large sheaths (length up to 2 5 0 ,~ and thickness 1-0-1.2,~), while in some horizons only thin filaments without sheaths were observed. Farther south in latitude 83" N. (Severnji Polus-5) the organisms were found in numbers which approached those of the Pacific Ocean, for both sheath-free and sheath-forming forms (see Table 1 ).
As the different numbers recorded at Severnji Polus-3 and Severnji Polus-5 could hardly be explained by the different times of exposure (24 and 60 hr.) a series of experiments were carried out at the station Severnji Polus-4 in which slides were exposed for 6,12,24 hr., or 7 days. These showed that the lengthening of the exposure to 7 days by no means contributed to the accretion of the organisms on the slides, nor to a decrease in the empty horizons. Moreover, a number of 6 hr. slides contained more organisms than the 7-day ones, and empty horizons were fewer in the 6 hr. exposures.
The above facts can be explained as follows. The drift during the investigation on the drifting station Severnji Polus-4 was negligible, and the slides hardly moved in the water. The investigations on Severnji Polus-3 were carried out under similar conditions and the station hardly moved during the 24 hr. The experiments on the drifting station Severnji Polus-5, on the other hand, 3" N., 46" 28' 2" N., 46" 30' 8" X., 151" 36' 5" 1. The Krassilnikoviae 7 were carried out when the ice was moving faster, and in the 24 days it had moved a considerable distance. This would account for the fact that the results obtained at the station Severnji Polus-5 approached more closely those obtained in the Pacific Ocean than the Arctic Ocean. The investigations in the Pacific Ocean and in the Black Sea were on ships which were not anchored but allowed to drift; the submerged slides therefore made rather long journeys.
A certain role seemed to be played in the development of these organisms by the attachment to a solid substratum. Frequently macroscopically-visible strings were found at the edges of the slide, and any jags, cracks or unevenness or particles deposited upon the slides contributed to the appearance of the round bodies. This may account for the wide variations sometimes obtained; for example, on two slides suspended side by side from one cork. These organisms were not found in the Caspian Sea or in Lake Baikal a t any horizon or exposure. Presumably this may be due to the inadequate salt concentration.
Cocci with a thickened membrane. The identity of these forms found in the Sea of Okhotsk, the Pacific Ocean and the Central Polar Basin (Kriss & Rukina, 1952 a ; Kriss & Birjusova, 1955 ; Kriss, 1955) with the round and oval-shaped bodies which compose the head of the filamentous-cluster organisms, seems to be beyond doubt. It has now become evident that a free-floating state of existence is characteristic only of the round bodies or of the ' cocci with a thickened membrane '. The membrane filters showed that water samples from various depths contained a considerable number of these cocci and almost no organisms of the type encountered on the slides. Counts from the membrane filters showed that the number of these cocci was fairly large in the ocean depths ( Table 2) . At some stations in the Pacific Ocean the surface layers were free from these forms or the numbers were less than in the deeper horizons. As will be seen in Table 2 they were found in the deepest levels, down to 9000 m. a t Statior no. 26. In the region of the North Pole these coccus-like forms were als\ distributed from surface to bottom of the water body. The vertical distribution was more uniform; the surface layers contained about the same numbers as the deep horizons.
The cocci which possessed thickened membranes (cell walls) were found not only in the water of the seas but in deep bottom sediments as well. Columns of mud 1-5 to 32 rn. long were obtained (Kriss & Rukina, 1952 b) from the mud of the Okhotsk Sea, and it was found that their content of cocci with thickened membranes was higher ( Table 3 ) deep in the mud than on the surface of the mud where sedimentation is occurring at the present time. Assuming that the formation of 1 mm. of sediment on the bottom of the Pacific Ocean requires approximately 1400 years (Bruevich, 1949) , the horizons with the higher content of this type of cocci formed the surface of the bottom hundreds of thousands and even millions of years ago. Apparently, the occurrence of the filamentous-cluster organisms in the past was higher than at the present day and probably they represent ancient forms. Perhaps the conditions for their life activity are not now so favourable as they were in bygone epochs. (cocci with a thickened membrane) in the sea 16' N., 42" 59' N., 44" 32' N., 46" 35' N., 48" 20' N., 52" 24' N.,
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833 47" 47' 5" N,, 50" 10' 5" N., 47" 33' 2" N., 46" 32' 3" N., 149" 10' E. 44" 58' 7" N., 145' 24' 7" E. A . E. Kriss and I . N . Mitxkevich Systematic position The structure of the filamentous-cluster organisms is peculiar and they do not fit into any of the known classes of lower organisms. Excluding protozoa, algae and fungi, the rest of the lower forms fall into four classes (according to the system of Krassilnikov, 1949) : Actinomycetes, Spirochaetae, Eubacteriae and Myxobacteriae. In contradistinction to Actinomycetes, typical representatives of which are characterized by the formation of a mycelium, the filamentous-cluster organisms lack the ability to form branching filaments. Neither short nor long filaments carrying the bunch-shaped head have side branches. The absence of mycelium and the much smaller filament diameter differentiates these organisms from the fungi, and further they have no basal features in common with the fungi which have reduced forms of mycelium, e.g. such a form as Aphanomycopsis bacillariacearurn (Scherffel, 1925) of the family Saprolegniaceae.
The presence of filaments in the filamentous-cluster organism distinguishes it from the spirochetes, and though they resemble some members of the order Chlamydobacteriales, the filamentous multicellular organisms of the class Eubacteriae (Krassilnikov, 1949) , this resemblance is only superficial. Two important characters distinguish the two groups clearly, namely the formation of a head at one extreme of the filament and the non-septate filament of the filamentous-cluster organisms; neither of these characters is seen in the Chlamydobacteriales.
The ability to form a bunch-like head attached to a string and surrounded by a sheath is a conspicuous feature of the described organisms; this places them apart from organisms like Gallionella and Siderocapsa or Perseus marinus described by Butkevich (1928). The filamentous-cluster organisms cannot be considered as belonging to the class Myxobacteriae either, since they do not form cysts or ' fruit bodies '.
The outward appearance of the filamentous-cluster organisms is similar to that of Anthophysa vegetans from the family Monadaceae (Eyferth, 1925 The Krassilnikoviae 11 This organism forms heads attached to a long stem; the head consisting of scores of pear-shaped cells, possessing ' tails ' ; the diameter of the cell-monads is about 30p and they have an obvious inner structure and the stem is usually ramified fairly well. The differences between these two types of micro-organisms are conspicuous.
Undoubtedly as far as their structuke is concerned, the filamentous-cluster organisms form a new class of micro-organisms occupying an intermediate position between the protozoa and the bacteria. We name this new class of micro-organisms after Professor N. A. Krassilnikov. Diagnosis : filaments, non-septate, non-ramified, diameter 0-4-0*5p, may be enclosed in a sheath. At one end form a cluster-shaped head, consisting of rounded bodies of diameter 0 . 5 -2 . 0~. The number of round bodies in a cluster on one filament may amount to several scores. The organisms are widely spread in seas and oceans. May be found in considerable number a t deep horizons. Have not been obtained in laboratory culture. Do not grow in conventional media or in isolated sea water samples. Rapidly develop on submerged fouling slides. PLATE 2 Fig. 1 . From 25 m. depth in North Pole region. Filamentous-cluster organisms. x 450. Fig. 2. From 25 m. in North Pole region. Interlaced filaments. x 1600. Fig. 3 . From 5000 m. in Pacific Ocean. Accumulation of filaments with cluster heads around gradually thickened in the head direction. Two types of round bodies. x 1600. Fig. 7 . From 2500 m. in Pacific Ocean. Round bodies looking like flat plates with a dent in Fig. 8 . From 25 m. in North Pole region. Filament twisted into rings. x 1420. Fig. 9 . From 750 m. in North Pole region. Net structures without any connexion with Fig. 10 . From 3000 m. in North Pole region. Thin filament without a sheath. x 1420. Fig. 11 . From 750 m. in North Pole region. Bodies arranged very dense. x 1420. 
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